Like bacteria, fungi play an important role in the soil ecosystem. As only a small fraction of the fungi present in soil can be cultured, conventional microbiological techniques yield only limited information on the composition and dynamics of fungal communities in soil. DNA-based methods do not depend on the culturability of microorganisms, and therefore they offer an attractive alternative for the study of complex fungal community structures. For this purpose, we designed various PCR primers that allow the specific amplification of fungal 18S-ribosomal-DNA (rDNA) sequences, even in the presence of nonfungal 18S rDNA. DNA was extracted from the wheat rhizosphere, and 18S rDNA gene banks were constructed in Escherichia coli by cloning PCR products generated with primer pairs EF4-EF3 (1.4 kb) and EF4-fung5 (0.5 kb). Fragments of 0.5 kb from the cloned inserts were sequenced and compared to known rDNA sequences. Sequences from all major fungal taxa were amplified by using both primer pairs. As predicted by computer analysis, primer pair EF4-EF3 appeared slightly biased to amplify Basidiomycota and Zygomycota, whereas EF4-fung5 amplified mainly Ascomycota. The 61 clones that were sequenced matched the sequences of 24 different species in the Ribosomal Database Project (RDP) database. Similarity values ranged from 0.676 to 1. Temperature gradient gel electrophoresis (TGGE) analysis of the fungal community in the wheat rhizosphere of a microcosm experiment was carried out after amplification of total DNA with both primer pairs. This resulted in reproducible, distinctive fingerprints, confirming the difference in amplification specificity. Clear banding patterns were obtained with soil and rhizosphere samples by using both primer sets in combination. By comparing the electrophoretic mobility of community fingerprint bands to that of the bands obtained with separate clones, some could be tentatively identified. While 18S-rDNA sequences do not always provide the taxonomic resolution to identify fungal species and strains, they do provide information on the diversity and dynamics of groups of related species in environmental samples with sufficient resolution to produce discrete bands which can be separated by TGGE. This combination of 18S-rDNA PCR amplification and TGGE community analysis should allow study of the diversity, composition, and dynamics of the fungal community in bulk soil and in the rhizosphere.
Fungi play an important role in the soil ecosystem as major decomposers of plant residues, releasing nutrients that sustain and stimulate plant growth in the process. Some fungi possess properties antagonistic towards plant pathogens (15) . In the study of soil fungi, particular attention is given to the rhizosphere; a well-developed and diverse rhizosphere community is thought to play a role in the suppression of pathogens (1, 11) . Knowledge of the structure and diversity of the fungal community in the rhizosphere will lead to a better understanding of pathogen-antagonist interactions. In this work, the development and application of molecular techniques for assessing fungal diversity in the rhizosphere are described. As only a certain fraction of the fungi in soil can be cultured, molecular methods are expected to give a more realistic view of species richness and distribution. Several fungal taxa such as the saprophytic basidiomycetes and the arbuscular endomycorrhiza, which belong to the Glomales, are difficult or impossible to isolate from soil by dilution plating (26) . Moreover, investigating fungi by estimating their numbers as CFU can be misleading, since most colonies on plates stem from fungal spores (5) .
To circumvent the cultivation problem, an array of molecular techniques, such as amplified ribosomal DNA (rDNA) sequencing, amplified rDNA restriction analysis, and temperature and denaturing gradient gel electrophoreses (TGGE and DGGE) of rDNA, has been applied to elucidate microbial population structures in the environment (3, 8, 9, 13, 14, 17, 20, 23, 27, 29) . Application of these molecular methods has led to a tremendous increase in knowledge of microbial ecology and has revealed the existence of formerly unknown microorganisms (14) .
Several molecular techniques have been applied to study medically important fungi and phytopathogenic strains (22, 28) . These methods are generally not suited for soil studies, since the primers described are not specific for fungi and some of the systems are designed to type strains or cultivars, and therefore yield taxonomic resolutions that are too high. The taxonomic resolution of 18S rDNA might not always be sufficient to identify fungal species and strains. However, amplified 18S rDNA will provide information on the fungal diversity and dynamics of related species of fungi in soil by producing discrete bands on TGGE gels. Among the scarce reports on this subject is that of Kowalchuk et al. (13) , who obtained interesting results by using PCR and DGGE for the analysis of fungi associated with Marram grass in coastal dunes. These investigators used the primers of Sogin (24) and White et al. (30) and reported the coamplification of plant rDNA with these primer sets (13) . However, since these primers also amplify 18S rDNA from plants, algae, and nematodes, they are not suited for direct and specific amplification of fungal 18S rDNA. Bock et al. (2) also reported specificity problems when using these primers for the detection of pathogenic fungi in clinical specimens. When TGGE banding patterns are to be used for studying fungal communities, it is essential to know that all bands are of fungal origin. In complex ecosystems, such as agricultural soil, other 18S-rDNA (i.e., eukaryotic) sequences could obscure the fungal banding pattern.
The objective of this study was to develop primers for the specific amplification of fungal 18S rDNA and to investigate the performance of these primers in the characterization of fungal communities. An important objective was to achieve an amplification range with a broad coverage of all fungal taxa without losing specificity.
A computer-aided prediction of primer specificity was made, based on the fungal 18S-rDNA sequences in the Ribosomal Database Project (RDP) database, and then the range of species that could be amplified by the primers was tested with a collection of different fungal isolates from all major taxa. Subsequently, the primer sets were used to generate PCR products from bulk and rhizosphere microcosm soil samples. Common 0.5-kb fragments of cloned 18S rDNA obtained from both soil samples with both primer sets were sequenced, these sequences were matched to those in the database, and the specificity and bias of the two primer systems were assessed. TGGE analysis of the bulk and rhizosphere samples was done to assess differences in fungal community structure.
MATERIALS AND METHODS
Primer design and computation of primer pair specificity. In order to develop primers for the specific amplification of fungi, a number of aligned 18S-rDNA sequences of fungi and other eukaryotes were retrieved from the RDP database (16) . Several primers were chosen to allow the amplification of 18S-rDNA sequences from a wide range of fungal taxa ( Fig. 1 ): EF3 (5Ј-TCCTCTAAATG ACCAAGTTTG-3Ј), EF4 (5Ј-GGAAGGG[G/A]TGTATTTATTAG-3Ј), and fung5 (5Ј-GTAAAAGTCCTGGTTCCCC-3Ј). The EF4-EF3 primer set was chosen to amplify a major part of the 18S rDNA, and primer set EF4-fung5 was chosen to amplify an approximately 550-bp fragment. Both primer sets were developed for the amplification of fungal 18S rDNA directly from the soil for cloning and sequencing. The primer sequence NS3 was previously described (30) , and a G-C tail (NS3-GC) was added for TGGE (20) . NS3-GC can be combined with EF4 to amplify a DNA fragment that can then be analyzed by TGGE. NS3 is, however, not specific for fungi and can only be used in a nested amplification approach with the specific primer pairs.
To obtain a computer-aided evaluation of the amplification range of the primers, each sequence was compared to 436 aligned eukaryotic 18S-rDNA sequences with the Check Probe program of the RDP database. Fungal sequences with full homology or one mismatch for each primer were selected from the analysis listing and are shown with relation to particular taxa in Table 1 .
Fungal strains, culture conditions, and amplification range. Various fungal species from all major taxa were used to test the primer sets (Table 2) . Lyophilized cultures were rehydrated with a sterile 0.85% NaCl solution and applied to potato dextrose agar plates. Plates were incubated at 28°C for several days to 2 weeks, until sufficient hyphal growth was observed.
Fungi were also cultured from the soil. Samples of 10 g of soil were shaken in 100 ml of a MgSO 4 solution (10 mM) for 15 min. Serial dilutions were plated onto 2% malt extract agar containing 0.33% Solacol and 200 ppm of aureomycine (7). Plates were incubated at 20°C for 1 week. Fungi with different morphologies were then selected and streaked onto cornmeal agar. The plates were incubated for 1 to 2 weeks, and some of the fungi were identified by W. Gams at FIG. 1. Primers for amplification of fungal 18S-rDNA sequences. Primer pair EF4-EF3 (fragment PCR1a) is specific for fungal 18S rDNA, and primer pair EF4-fung5 (fragment PCR1b) amplifies a smaller, 550-bp fragment specific for fungi. Primer pair EF4-NS3 (PCR2) can be used directly on clones or in a nested approach on PCR1 products for community analysis by TGGE. The primers which were developed in this work are given in alignment with 18S-rDNA sequences of species from all major fungal taxa.
the Centraal Bureau voor Schimmelcultures, Baarn, The Netherlands. The species that were found are listed in Table 2 .
DNA was isolated by scraping hyphae from the agar surface. Cells were disrupted, DNA was released by bead beating, and the resulting lysate was purified as described by Smit et al. (23) .
Prior to the examination of the amplification range of the primer sets EF4-EF3, EF4-fung5, and EF4-NS3-GC on a collection of fungal isolates, fungal cell lysis and the quality of the extracted DNA were tested by using the general eukaryotic primer set 106-107 (24) . Only 1 strain (Coniothyrium sporulosum) out of 27 was poorly lysed (results not shown). A positive signal obtained by using these primers indicated that the fungal cells were lysed by the bead-beating method and that the quality of the DNA was sufficiently high for PCR amplification.
Soil microcosms and DNA extraction. To study the fungal community in wheat rhizosphere soil, we collected soil from a small field plot on the campus of the University of Utrecht located on the Uithof, Utrecht, The Netherlands. This is a clay soil containing 4% organic matter with a pH of 5.0. Samples from this soil were used for plating culturable fungi and for setting up the microcosm experiment. The soil was air dried and sieved, and nine small pots (diameter, 10 cm) were filled. Soil was seeded with eight seeds of Triticum aestivum cv. Baldus per pot. Fluctuations in moisture content were minimized by supplying water daily to keep the soil moisture content at 20%. Microcosms were incubated in a climate chamber with a light-dark regimen of 16 and 8 h at 20 and 15°C, respectively. Microcosms were sampled in duplicate on days 5 and 10. Bulk soil samples of 3 g were taken from root-free soil. Rhizosphere soil was obtained by gently shaking the soil from the roots, and roots with adhering soil were added to 50-ml polypropylene tubes with 10 ml of sterile sodium phosphate buffer (120 mM; pH 8) and 1 g of gravel. Tubes were vortexed for 30 s, and the buffer-soil slurry mixture was poured into a new tube, leaving the gravel and roots behind. Total DNA was extracted from the rhizosphere soil slurry by using a bead beater (23) . One microliter of the extract was used for PCR amplification.
The extent to which this method lyses fungi present in the soil is not known. However, bead beating has been shown to lyse bacterial spores (18) , and all Chytridiomycota ( cultured fungal strains in this study could be disrupted by bead beating. Moreover, the Braun bead beater also lyses Saccharomyces cerevisiae cells under the conditions used. PCR amplification. Total DNA extracts from duplicate soil samples were pooled before PCR. Primer sets EF4-EF3 and EF4-fung5 were used for direct amplification of 18S-rDNA sequences from extracted wheat rhizosphere DNA.
18S-rDNA clones amplified with both primer sets were also analyzed by TGGE. For this purpose, they were reamplified from Escherichia coli colony material. PCR was performed by using primer set EF4-NS3-GC to generate 18S-rDNA fragments suitable for analysis by TGGE. In order to generate TGGE profiles of the soil fungal community, a nested approach was necessary. An initial PCR was done with either EF4-EF3 or EF4-fung5, as described above. Subsequently, the reaction mixture was diluted 1:500, and a second amplification round was performed with EF4-NS3-GC (Fig. 1) . With this approach, corresponding fragments can be analyzed by TGGE, although different primer sets had been initially used for the specific amplification of the fungal community in the wheat rhizosphere. Differences in banding patterns will reflect the differences in specificity of the initial PCR (Fig. 2) . 18S-rDNA fragments were obtained from cloned material (see below) for TGGE analysis by the direct use of EF4-NS3-GC on a small amount of a specific E. coli colony as template source.
PCR mixtures for all three primer sets consisted of 5 l of 10ϫ PCR buffer Cloning of EF4-EF3 and EF4-fung5 PCR products. Only PCR products from the pooled, day 10 rhizosphere samples were cloned and sequenced. PCR products from the soil microbial community were separated on a 1% agarose-Trisborate-EDTA gel. Bands were excised, and the DNA was purified by centrifuging the gel pieces for 15 min at 16,000 ϫ g in a Wizard column without resin. The flowthrough containing the DNA was collected and used without further purification. DNA fragments were then ligated into the pGEM-T vector, which has 3Ј T overhangs to facilitate the cloning of PCR products (Promega, Madison, Wis.). Ligation mixes were used to transform ultracompetent E. coli XL1-Blue cells (Stratagene, Cambridge, United Kingdom) according to the manufacturer's instructions. White colonies were selected, cultured in 2 ml of Luria broth, and stored at Ϫ70°C. Subsequently, a quick clone screening procedure based on PCR amplification was performed directly from colony material. Clones obtained from the rhizosphere soil sample with both primer sets and containing inserts of the correct size were selected for sequencing.
TGGE analysis of the fungal rhizosphere community and the 18S-rDNA clones. The products amplified from the fungal community of the microcosm experiment and from the clones were analyzed by TGGE. For TGGE analysis, a Diagen electrophoresis unit was used according to the instructions of the manufacturer. The polyacrylamide gel was composed of 8% (wt/vol) acrylamide, 0.21% (wt/vol) bisacrylamide, 8 M urea, 20 mM MOPS (morpholinepropanesulfonic acid), 1 mM EDTA (pH 8), and 20% (vol/vol) formamide. The gel was polymerized onto a gel support film (Gelbond PAG; FMC). Electrophoresis was performed at a constant of 110 V for 17 h with a temperature gradient from 36 to 44°C.
Gels were silver stained with the PlusOne DNA silver staining kit (Pharmacia Biotech) in a Hoefer automated gel stainer (Pharmacia Biotech) according to the standard DNA-staining protocol with increased solution volumes (total volume, 187.5 ml), a developing time of 8 min, an extra washing step with H 2 O, and a Na 2 CO 3 fixing step.
Stained gels were air dried, and the images were analyzed with Bioprint (version 96.11) and Biogene (version 96.15) software packages (Vilber Lourmat, Marne-la-Vallee, France). Banding patterns were analyzed by cluster analysis using the unweighted pair group method, and genetic similarity was calculated according to the method of Nei and Li (6a) [a ϭ 2nxy/(nxϩny)] by using Biogene software (Vilbert Lourmat).
Partial sequencing of the cloned fungal 18S-rDNA fragments. A 0.5-kb fragment of each clone obtained from wheat rhizosphere soil was sequenced in both directions on an ABI377 DNA sequencer by cycle sequencing using the dye terminator system (Eurogentec, Seraing, Belgium). EF4-fung5 clones were sequenced with the SP6 and T7 primers. The corresponding region of EF4-EF3 clones, which contains a much longer insert, was sequenced with primers EF4 and FS7 (5Ј-GCTTTGAACACTCTAATT-3Ј). Consensus sequences were obtained by using the DNASIS software package (version 2.5; Hitachi Software Engineering America, Ltd., San Francisco, Calif.). Sequences were then manually edited and analyzed with the Sequence Match (version 2.7) program of the RDP database (containing 10,723 unaligned ribosomal sequences) and the Blast 2 Advanced Blast program at the National Center for Biotechnology Information (NCBI) (containing 351,020 sequences). Fungal species sequences in the database most similar to those of the clones are listed in Tables 3 and 4 . To check for occurrences of presumptively chimeric sequences, all clones were analyzed by using the Chimera Check program of the RDP database (version 2.7). Since it is impossible to unambiguously determine whether a sequence is chimeric, all clones were designated either N (not likely to be chimeric) or P (possibly chimeric) (Tables 3 and 4) .
Nucleotide sequence accession numbers. All nucleotide sequences were submitted to NCBI and assigned accession no. AF095648 to AF095686 and AF096351 to AF096369.
RESULTS AND DISCUSSION
Primer design, computation of specificity, and analysis of amplification range. The heterogeneity of fungal taxa and the homology of fungi to other eukaryotes made it unfeasible to develop a single specific primer set with both a satisfactory fungal amplification range and a sufficiently low 18S homology to other eukaryotes. The target sequences of the primers shown in Fig. 1 demonstrate that the EF4-EF3 primer set exhibited only an occasional mismatch with some fungi. From the computer comparison of EF4-EF3 to the RDP database, in which one mismatch was allowed for each primer, it was predicted that 78% of all fungal 18S-rDNA sequences in the aligned database would be amplified (Table 1) . This is only an estimation, since it is not known how many mismatches can be tolerated under the given PCR conditions. Primer set EF4-EF3 exhibits a relatively high coverage of the Basidiomycota (95 to 100%) compared to EF4-fung5. The latter primer pair shows a relatively high coverage of the Ascomycota and a lower coverage of the Basidiomycota. Neither set of primers has full coverage of the Zygomycota; EF4-EF3 will theoretically amplify 75% of the species of this taxon, while EF4-fung5 will amplify only 40%. According to the computer analysis, both sets of primers for the analysis of fungal communities should ade- quately amplify most species of the different fungal taxa, except for the Chytridiomycota, which are regarded as having little importance for soil ecosystems. The results in Table 2 demonstrate that all fungi studied, except C. sporulosum, Candida lipolytica, and Aureobasidium pullulans, could be amplified by using primer set EF4-EF3. Although A. pullulans and C. sporulosum could be amplified with EF4-fung5 and EF4-NS3-GC, little difference was found between the amplification ranges of EF4-EF3 and EF4-fung5 for the Ascomycota. Quite a difference can be observed for the Zygomycota, since EF4-fung5 amplified only two of the four species amplified by EF4-EF3. The four species of Basidiomycota tested could be amplified by all three primer sets, except for Ustilago avenae, which failed to be amplified by EF4-fung5. Although the results of the computer prediction (Table 1) are based on the assumption that only one mismatch per primer is allowed, the amplification coverage of the isolates (Table 2) seems to show the same trend. However, the amplification of 18S rDNA from fungal isolates does not necessarily predict the performance of the primer sets in environmental samples which harbor complex communities.
Analysis of the EF4-fung5 clones from wheat rhizosphere soil. About 70 clones of the 18S-rDNA sequences amplified with EF4-fung5 obtained from the wheat rhizosphere sample were checked for the presence of an insert of the expected size (approximately 0.5 kb) by reamplifying the fragments directly from colony material. Thirty-nine E. coli clones with the inserts of the correct size were further analyzed by sequencing.
Sequences were analyzed by using the Blast 2.0 (advanced) program at the NCBI and by applying the Sequence Match program of the RDP. Both programs yielded identical results for almost all clones. In Table 3 , the species of fungus with 18S-rDNA sequences most similar to the clone are listed. In cases where different results were obtained, both alignments were manually checked and the most likely species were chosen. Among the 39 sequences, 17 different species were identified. Some nonidentical cloned sequences matched the sequences of identical species. This is probably due to the incompleteness of the database, although PCR-related amplification errors cannot be excluded. As shown in Table 3 , most clones detected by PCR with EF4-fung5 belong to the euascomycetes of the Ascomycota. No Basidiomycota were detected, although the computer-based analysis and isolate tests (Table  2) indicate that EF4-fung5 could amplify some members of the basidiomycetes. Besides PCR bias, cloning bias could also play a role. One sequence of the Zygomycota was detected (UUF64), and a sequence of the Chytridiomycota was found, although the computer analysis predicts that only 14% of the species of this taxon can be amplified. Only one clone, UUF31, completely matched a sequence in the database (Eupenicillium javanicum). All other clones exhibited similarities ranging from 0.676 to 0.978 to various database sequences. Clones with a similarity to a fungal species below 0.95 can be expected to have originated from a fungal species only phylogenetically related to the given name. This suggests that most of the species names are only very approximate indications of the identities of the cloned sequences. Clones with low similarities probably originated from species distantly related to those present in the database and whose 18S-rDNA sequences have not been determined, or they are from fungi yet to be isolated. For instance, several clones matched Neocosmospora vasinfecta, which is not common in the soil of temporate regions (7a) . Since N. vasinfecta has 18S sequences similar to those of Fusarium solani, the sequences detected could represent Fusarium species from which no 18S sequences are present in the database. Nevertheless, it is of importance for judging the primer performance that genera matching clones of such organisms as Cladosporium, Eupenicillium, Exophiala, and Pleospora and the potential plant pathogens Alternaria and Verticillium are common in soil (4, 6, 10, 11, 19) . Both Spizellomyces-and Mycosphaerella-like sequences (as in clones UUF54 and UUF68) were detected by Kowalchuk et al. (13) in association with Marram grass roots. Analysis of the EF4-EF3 clones from wheat rhizosphere soil. The clones obtained by PCR with EF4-EF3 are depicted in Table 4 . Of 50 clones, 26 were found to have inserts of the expected size, and out of these 26 clones, only 22 could be sequenced with the use of the internal primer FS7. Nine different species were identified among the twenty-two clones. This primer set obviously is biased to amplifying Basidiomycota, since most of the species that were detected belong to this taxon. Clones resembling the yeast-like symbionts of the genus Symbiotaphrina were detected by using both primer sets. The relatively low similarities suggest that the cloned 18S rDNA could represent distant euascomycete relatives of these symbionts (21) . A large number of clone sequences matched the fungus Mortierella polycephala. Obviously these sequences were related only to those of M. polycephala since this species is not a common soil inhabitant, and it might be more likely that the sequences represent fungi such as Mortierella alpina or Mortierella elongata, whose 18S sequences are not present in the database (7a) . A thorough phylogenetic analysis of the clones with sequences of related species could give more information; this is, however, beyond the scope of the present report.
Examining the fungal diversity of the wheat rhizosphere with both primer systems revealed that 24 different species were detected among 61 clones. Clone diversity is much greater since no clones were found with similar sequences, and the number of species in the database limits the potential matches that can be found. The high sequence diversity and the broad taxonomic range of the clones are indicative of the importance of using both primer sets in a complementary fashion in studies of rhizosphere fungal communities. TGGE analysis of the fungal community and clones from a wheat rhizosphere. TGGE analysis of amplified fungal 18S-rDNA fragments from wheat rhizosphere samples was done by using a nested PCR approach in two amplification rounds, the first with EF4-EF3 or EF4-fung5 and the second with EF4-NS3-GC. Analysis of the fungal community profiles from soil samples of the microcosm experiment by using either EF4-EF3 or EF4-fung5 in the first selective amplification round produced different banding patterns when the different primer sets were used (not shown). This result supported the biases of both primer systems which were found by using the clone libraries. This confirms that, in order to visualize as many bands as possible, both primer systems should be used in combination to study fungal diversity in soil. Repeated analyses of the TGGE patterns of duplicate soil samples, with either primer pair, showed little variation, which suggests good reproducibility of the DNA extraction procedure, the PCR amplification, and the TGGE analysis.
The soil samples from the microcosm experiment could be adequately analyzed by mixing the PCR products of both primer systems before electrophoresis. TGGE analysis of mixed, duplicate samples revealed differences between both the day 5 and 10 fungal communities and the bulk and rhizosphere samples ( Fig. 2 and 3 ). Banding patterns of the bulk and rhizosphere samples at days 5 and 10 revealed considerable differences: in the bulk soil sample at day 5, 24 bands were present, while in the rhizosphere sample, 20 bands could be visualized. On day 10, 26 bands could be produced from the bulk sample, and 25 bands from the rhizosphere sample could be visualized. A dendrogram representing the differences between the profiles indicates 60% similarity between the bulk and rhizosphere samples at day 5 and 75% at day 10 and a similarity of 55% between day 5 and 10 profiles (Fig. 3) . Results suggest that both the presence of plant roots and the time of sampling of the microcosms affects fungal diversity and composition in soil. Considering the number of bands, diversity seems to be somewhat lower in the rhizosphere than in bulk soil.
By comparing the single-clone bands with those of the community profiles, the presumptive identities of some of the bands in the community profile were obtained (Fig. 2) . It should be stated that this method provides only circumstantial evidence of identity. For more exact identification, bands should be excised and sequenced. Some bands, such as band 1, which might be UUF10, band 3, which could be UUF30-31, and band 5, of unknown identity (Fig. 2) , appear in all sample profiles (Fig. 2) . Clones UUF30 and UUF31 have high similarities to E. javanicum, which is common in both soil and rhizosphere (6) . Other bands appear in specific samples, such as band 2, which is of high intensity in day 10 samples, and band 4, which matches clone UUF103, which is mainly found in day 10 samples. Band 7, of unknown origin, is found only in   FIG. 3 . A dendrogram based on the presence or absence of bands (Fig. 2) was constructed to represent the percentages of genetic identity between the profiles of the microcosm samples of bulk and rhizosphere (rhizo) soils. day 5 samples. The group of bands around the position of band 6 matched some bands of the clones with Mortierella-like sequences, which appeared to have different mobilities (not shown).
Primer performance and resolution. The results of this study show that primer sets enabled us to detect sequences of all major fungal taxa, except the hemiascomycetes (yeasts) and archaeascomycetes in wheat rhizosphere soil samples. Analysis of the fungal community by TGGE allows the study of the differences between samples and the dynamics of certain species. Comparison of cultured isolates from soil to 18S-rDNA sequences was not feasible, since this study did not thoroughly isolate fungi. Nevertheless, any overlap in species identification due to the use of both methods is expected to be small, since plate count techniques favor the isolation of fast-growing, lowsubstrate-specific, spore-producing fungi (25) , while molecular techniques probably favor numerically dominant fungi with relatively high amounts of vegetative mycelium. Moreover, the sequences should be efficiently amplified and cloned in order to be detected. Fusaria are often found in soil and especially in the wheat rhizosphere by plate techniques (11, 12) . One striking observation of this study is that no Fusarium species were identified. This is in line with the work of Kowalchuk et al. (13) , who studied Marram grass roots and also did not detect fusaria with their PCR method. However, no matches can be found, since a screening of the database showed that no 18S-rDNA sequences from Fusarium species were present (only 28S and internal transcribed spacer sequences were present in the database). This clearly illustrates that a shortcoming of the use of 18S rDNA to detect and identify fungi lies in the incompleteness of existing databases and the taxonomic resolution of the sequence. For certain fungi, either the ITS region or the 28S rDNA gives a higher resolution which enables discrimination between closely related species. At the moment, a major disadvantage of using these sequences to develop primers for all fungi in soil is the relatively low number of sequences present in the 28S-rDNA database. However, for the amplification of specific fungal groups, such as Fusarium, development of primers for 28S-rDNA sequences will probably be much more suitable and feasible.
The combination of cloning and sequencing with wholecommunity TGGE analysis, although still in its infancy for fungi, has been shown to be a powerful technique for elucidating the differences and dynamics of the fungal community in the rhizosphere.
